Introduction
CHerenkov detectors In mine PitS (CHIPS) is a modular water-Cherenkov detector concept. The goal of CHIPS is to prove that it's possible to study neutrino oscillation physics using a water-Cherenkov detector at a fraction of the costs of present neutrino detectors. Current cost estimates for CHIPS are $200k/kiloton detector (including location and infrastructure), to be compared with $2-10M/kt for conventional waterCherenkov detectors or $10-20M/kt liquid Ar detectors.
This presentation will focus on DAQ and electronics for the CHIPS experiment.
The CHIPS Detector
A 5 kiloton proof-of-principle CHIPS detector is scheduled to be deployed in the summer of 2018 in a flooded mine pit of 60 meters depth in Minnesota (USA), 7 mrad off-axis from the NuMI neutrino beam coming from Fermilab, see The detector is a cylindrical volume measuring 25 meters in diameter and 10 meters in height. The cylinder outline is formed by a light-tight liner, separating the lake water from filter-circulated water on the inside of the detector. Neutrino interactions in the water produce Cherenkov light, which is detected by so-called detector planes that serve as support structures for the 3-inch photomultiplier tubes The CHIPS detector will consist of high-density and low-density PMT planes. Both the end caps and the cylinder wall in the forward region (with respect to the neutrino beam) will consist of planes with high PMT coverage of 6%, while the backward region planes have a 4% PMT coverage.
Physics Goals
Despite the fact that the total size of any neutrino detector is key, even a moderately sized CHIPS detector of 10-20 kt can significantly contribute to the determination of δ CP as performed by NOνA, see Figure 3 . In addition, CHIPS can contribute to precision measurements of θ 13 and θ 23 .
Electronics and DAQ
CHIPS will consist of 6400 PMTs in total. 5500 of these PMTs are Hamamatsu R12199-02, the same type as used in KM3NeT [1] . Time-over-threshold (ToT) signals of 30 PMTs that comprise one detector plane are computed on a Central Logic Board (CLB) in a water-tight electronics box mounted on each plane.
An additional set of 900 PMTs is refurbished from the NEMO3 experiment [2] . For this subset of PMTs an even cheaper electronics readout scheme is being de- veloped. In order to record ToT signals, these PMTs have a microprocessor board called microDAQ connected to them having the same circular form factor as the PMT Cockcroft-Walton base. By using a series of time-delay buffers on the micro-DAQ board, the full signal shape can also be reconstructed. ToT data from 16 PMTs in one plane are sent to a BeagleBone board [3] for event building. The BeagleBone communicates with higher level fanout boards through standard ethernet CAT cables. This readout scheme and its various electronics boards are shown in Fig. 4 .
Both the KM3NeT-style readout scheme and the microDAQ readout scheme uses White Rabbit technology [4] to provide a 10 MHz clock reference and absolute timing through a so-called pulse-per-second (PPS) signal. Readout of the entire detector is only performed during the 10 µs spills from the NuMI beam to minimise background events from cosmics. Finally, all data is sent to shore through optical fibers using course wavelength division multiplexing.
Figure 4: MicroDAQ readout scheme for the NEMO3 PMT detector planes (left) and pictures of the various electronics boards (right). From top to bottom: the White Rabbit system, the 16-channel fanout board with the Beaglebone board mounted on it and finally the PMT stack, consisting of the PMT itself, the HV base electronics board and the microDAQ electronics board.
